A proposta desta pesquisa foi desenvolver e entender o mercado potencial e a viabilidade para estabelecer um comercio sustentável de peixes ornamentais na Reserva de Desenvolvimento Sustentável Mamirauá, Brasil. Esta análise complementará e ajudará nas pesquisas e nos planos de negócios de outros paises. O objetivo principal da análise foi o mercado exportador (especificamente da UK) de peixes ornamentais. O projeto foi primariamente iniciado numa pesquisa bibliográfica, complementada por entrevistas com vários interventores e a participação em diferentes oficinas sobre o tema especifico.
INTRODUCTION

Review of global market
Size Size
The worldwide aquarium industry, including live ornamental fish equipment, accessories, supplies and publications, etc., has grown considerably during the last 35 years. Andrews (1992) estimated that in 1971, the total world market for aquarium fishes, equipment and accessories was worth $4 billion1, increasing to $7.2 billion in 1986. Dawes (2001) estimated the entire industry to be worth about $15 billion. The fish themselves represent only a fraction of the overall industry, maybe as little as three percent (WATSON, 2000) . About 90% of the ornamental fish products originate in captivity, and the other 10% is wild-caught fish (ANDREWS, 1990; OLIVIER, 2001) . Of the total of wild-caught fishes, 4-10 % are of marine origin and 90-96% are of fresh water origin (OLIVIER, 2001) .
Over the last ten years the value of global exports of ornamental fish has averaged just over $183 million/year, while global imports have averaged just over $281 million/year (Figura 1). 2 Between 1985 2 Between -1999 , the international commerce of aquatic organisms had an average annual growth of around 14% (Figure 2 ). In 1996 and 1997 the global value of ornamental fish exports peaked around $200 million, dropping to just under $160 million in 1999. The drop in exports during the years 1998 and 1999 may be explained as repercussions of the strong El Niño of 1997-8 (CHAO, pers. comm.) . Since then, export value has increased steadily by about 14%/year, setting a record of $211,546,000 in 2003 $211,546,000 in . Basleer (1994 estimates that the global wholesale trade value of ornamental fishes is near $900 million, excluding freight and packing, and the total retail value may reach $3 billion.
It is difficult to calculate the quantity of fishes traded annually with any accuracy due to reporting irregularities. Statistics provided by FAO do not clarify the number utilized in the their downloads as Figure 3 indicates. If numbers are given in thousands, then the number of individuals exported annually reaches just over 20 million. If numbers are given in ten thousands in order to reflect Brazilian exports as reported by FAO, which would thus total 11,000,000, then the global total reaches over 2 billion individuals. Fitzgerald (1989) has estimated that 350 million fishes are sold annually. Andrews (1992) estimated that only 150 million ornamental fishes were sold in the world market.
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End markets End markets
The principal end markets for ornamental fish are located in Europe, North America and Asia ( Figure  4 ). The largest markets are in the major industrialised countries: the USA (17%), Germany (8%), the UK (7%), Japan (7%), and France (6%) ( Figure 5 ; Table 1 ). The size of their national markets, and their higher mean level of education and income seem to be indicative of the correlation with highest volumes of imports. Despite oscillations in imports from year to year in these five countries, their percentage of ornamental fish imports have remained relatively stable since FAO began compiling statistics in 1976.
Typical supply chain Typical supply chain 1. Collectors -Are generally organized in family units, utilizing artisanal technology and methods.
2.Breeders -As was mentioned above, ornamental fish culture provides about 90% of all ornamental fish in the market and, thus, serve as direct competition to those involved in the trade of wild-caught species.
3. Intermediaries -For wild-caught fish as many as three intermediaries may be involved in the chain between collectors and exporters.
4. Exporter -Buys fish from intermediaries or directly from collectors and breeders. Fish are generally quarantine for some period, although the time and husbandry methods vary, most likely in direct correlation with the number of exporters. Singapore exporters are a special case as they are specialized in conditioning and transporting fishes bred on farms throughout Southeast Asia.
5. Importer -Receive stock from exporters throughout the world, depending on the demand from their clients who may be wholesalers and/or retailers. Some may also be exporters as well transhippers. The importer must pay the freight costs associated with importation.
6. Transhippers -Consolidates orders from various buyers (importers, wholesalers or retailers) at airports and distributing them. Often they don't even possess installations. They are common where air routes are limited and/or shipping rates are high. Singapore, the USA, and Germany are known as key points of transhipment.
7. Wholesaler/Jobber -Wholesalers consolidate shipments from various importers to provide retailers in regional markets with stock. Jobbers serve the same function as wholesalers, but like transhippers, don't maintain permanent installations. They are specialized in consolidating stocks according to retailer needs and making direct deliveries.
8. Retailer -Retailers can buy fish directly from importers, transhippers, wholesalers or jobbers. Buying from transhippers and jobbers carries risks and additional costs as the retailer must acclimatise the fish before sale. Olivier (2001) claims there is a growing tendency in the retail segment to bypass the wholesalers.
9. Consumer -Consumers are fish-keepers with varying degrees of skill and preferences.
10. Key stakeholders a) Animal rights groups. b) CBD -1992 Convention on Biological Diversity. The CBD promises to promote of the rights of countries of origin to retain some of the benefits of their biodiversity resources that have entered the marketplace via other countries c) CITES -Convention on Trade in Endangered Species. CITES works by subjecting international trade in biodiversity of selected species to certain controls. All import, export, re-export and introduction of species covered by the Convention have to be authorized through a licensing system. 
Key competitors Key competitors
Most captive bred ornamental fishes originate from fish farms in Singapore, Malaysia, Japan, Israel, Czech Republic, Thailand, Hong Kong, and the US ( Figure 6 ; Table 1 ). Although much of the exports of ornamental fish originating from these countries may be a consequence of some transhipping, their combined share of the global trade represents 53%. It should be noted that Singapore does breed ornamental fish, but typically imports fish from Malaysia, Thailand, and Indonesia and other Southeast Asian countries, and conditions them; adding value to the product and taking advantage of low freight costs to provide the market with high quality (according to Olivier (2000) , it is now suffering from fish diseases however), low cost fish. Thus, if it imports $13,334,000 and exports $41,427,000, then it would gross $28,093,000 during 2003. What percentage of this total is comprised of internally bred fish I was unable to ascertain. Percentual Legislative environment: welfare and Legislative environment: welfare and conservation conservation
The only international legislation affecting the global trade in ornamental fish is CITES. Appendix 1 specimens cannot be used for commercial purposes. Appendix 2 and 3 specimens require an export permit or re-export certificate issued by the Management Authority of the State of export or re-export. The specimen must be obtained legally and not negatively affect the survival of the species. Any risk of injury, damage to health or cruel treatment must be minimized. Import permits are only needed if required by the importing country. The only the species that might be considered ornamental in the Brazilian Amazon that appears on the 2006 IUCN Red List of Threatened Species is the Arapaima gigas. This species has been on Appendix 1 since 1975. Increasingly, the World Organisation for Animal Health (OIE) is becoming a major actor regarding welfare in the ornamental fish trade. Exporting countries must now be certified as free from specific pathogens associated with certain cold-water species in the carp and salmon families common in aquaculture. Although these diseases are not presently found in tropical climates, the testing required is extensive and expensive. The problem is that there exists no laboratory in Brazil with the equipment to test for such diseases, but according to Brazilian law, only Brazilian certified laboratories can test for the diseases. As of today, Brazilian exporters are unable to export ornamental fishes to Spain. This issue may become more complicated as gold fish are now being raised on farms in some Amazonian countries such as Colombia and Brazil. According to some exporters there is also the possibility that, with the avian flu epidemic, OIE and its member states may be frightened sufficiently to apply stringent welfare guidelines for all shipments of live animals.
Current status and key trends Current status and key trends As of 2003, the value of ornamental fish exports were at their highest on record (FAO Fishstat, 2005 ). Unfortunately it is not possible to present more current data is there is a lag of two years in reporting by FAO.
According to Olivier (2001) , two trends in the fish-keeping hobby are worth noting. The first is that marine aquariums are becoming more popular as technology necessary to maintain marine ornamentals becomes more available and less expensive. The quality of marine ornamentals has also improved as many NGOs such as the Marine Aquarium Council (MAC) and Ocean Voice have moved to eliminate harmful fishing practices. This trend can also be observed in the data provided by FAO (Fishstat, 2005 The second trend, according to Olivier (2001) , is that the fish-keeping hobby has broken down social barriers. She claims that the hobby is now open to all and that fish are being treated as standard consumer products. As such, she concludes that consumers are in search of low prices without thinking about quality. She does not offer any proof of her position however, so I am dubious of her claim.
A third trend can be identified as the growing recognition that wild-caught ornamental fish have socio-economic and environmental value (CHAO et al., 2001; TLUSTY, 2002; ROSSER, 2003) . This trend is also reflected in the very project we are presently undertaking.
A fourth trend is the growth of large pet stores such as Petco and PetSmart and Wal-Mart in the US. There is some debate on what the effects of these super stores are exactly. Many trade participants feel that the small pet/aquarium store has benefited from their growth, as fish quality is low, causing the consumer to seek the local pet/aquarium store, as the staff is more knowledgeable. Others claim that the low prices for equipment is creating more hobbyists who then look for more variety offered at the local pet/aquarium store.
Lastly, with regard to freshwater fish species, personal communication with industry participants and with Dr. Chao of Project Piaba (who has intimate contact with many importers in Asia and Europe) indicate that consumer interest in specialty fishes such as stingrays (Potamotrygonidae), Loricariidae, Apistogrammas and corydoras continues. He also noted that importers are interested in introducing new species verities that can often stimulate the enthusiasm of the hobby.
THE AMAZONIAN EXPORT MARKET Size
In the ten years between 1994 and 2003, the average value of Amazonian ornamental fish exports was about $11.5 million/year (Figure 7) . Together, the countries of Brazil, Colombia, Ecuador, Guyana, Peru and Venezuela represent about 6% of the total global export value of ornamental fish. The largest exporting country is Colombia (46%) followed by Peru (30%), Brazil (23%) 4 , Guyana, Venezuela and Ecuador ( The combined exports of Guyana, Venezuela and Ecuador only reach 1.4% of ornamental fish exports from Amazonian countries. Of these three countries, Guyana is the largest exporter ( Figure  11 ).
End Markets End Markets
The United States is the largest importer of Colombian ornamental fishes, followed by the European Union and Asia ( Within Europe (Figure 12 ), Germany is the largest importer of ornamental fish, followed by UK, and
Prang, Industry analysis of freshwater ornamental fishery UAKARI 14 0 5000000 10000000 15000000 20000000 25000000 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 Year France. However, it should be noted that Frankfurt is a key transhipping point in Europe, and many ornamental fish imports into Germany are re-exported. In Asia, Japan is the largest importer, followed by Singapore, and Taiwan and Hong Kong, the latter two may be transshipping to China. Colombian exporters believe that it is in the Asian market that future sales growth will be the highest.
Peruvian ornamental fish are shipped to about 70 cities around the world. However, air routes out of Lima are not very extensive. Consequently, transhipping via Miami is very common. Peruvian exporters complain that transhipping negatively effects the prices of Peruvian fish as each carrier utilized increase the price/individual fish. Transhipping was common for shipping to some points in Europe. The US is the main importer of Peruvian ornamental fish ( Figure 13 ). However, since 2001 Peruvian exports to Asia have increased from about 25% to over 50%, with Hong Kong and Taiwan nearly doubling their imports (HUANQUI, 2005) . This increase is attributed to improved air routes, but might also result from the liberal export laws.
The largest importer of Venezuelan ornamental fish is also the US, followed by Germany, the UK, and Denmark ( Figure 14) . In 2003, Venezuela exported about $28,000 worth of ornamental fish (FAO, 2005) . I was unable to obtain any more end market data for Venezuela, and found nothing for Ecuador. Exports from Guyana have declined in recent years for reasons are not clear. Watson (2005) attributes the decline to the lack of direct air routes to Europe, competition from other South American exporting countries, competition from fish farms, and the absence of a coherent marketing strategy by Guyanese exporters. Only the UK and Germany import fishes directly from Guyana.
Principal Product Offerings Principal Product Offerings
Colombia's principal exports are composed of species from the Characidae (49%), Loricariidae 'miamero' companies, whose main clients are importers in the US, and 'destino final' (DF) companies that ship fish directly to clients across the globe. DF companies, in contrast to miameros, specialise in supplying specific varieties of quality fishes. There are about 16 exporters operating out of Colombia. Logistics in both countries are estimated at between 18-25% of the price of fish sold. There are two exporters currently active in Guyana, and 6 in Venezuela. In each of these countries, generally one to three firms dominate in export volume. Packing costs for exportation are about $12.00 per each double box. Boxes are made of Styrofoam inside a cardboard box, with dimensions of 42 x42 x 40 cm (16 x 16 x 15 inches). Each box holds 9-15 kg of water, depending on the number and size of fish being shipped. Shipping agent expenses from Iquitos and Bogotá are about $100.00/box. I was unable to obtain freight costs for Peru, but freight costs from Colombia (discussed later) are provided in Table 9 . Freight may cost The key competitors in the Amazonian countries are Colombia, Peru, Brazil, Guyana, Venezuela and Ecuador. Among this group of countries, Colombia, Peru and Brazil, as the largest exporters, compete the most. Although each country has a number of species endemic only with in their geopolitical boundaries, many of the same species have distributions in more than one country. In Appendix 5 I have listed species which are permissible for export from both Brazil and Colombia and are also exported from Peru. Exporters in each country, depending on the quantities and quality they have available, may price these species attractively in order to fill orders of more rare and valuable species, with the effect of lowering the price of species for which a competing country may depend on as a sales leader.
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Legislative environment: welfare and Legislative environment: welfare and conservation conservation
The legislative environment varies from country to country. The Ministry of Production is the principal authority of legislation affecting the ornamental fish trade in Peru. With regard to conservation, the Ministry is responsible for: prohibition of certain species; setting the maximum volume of capture; establishing fishing zones and times of prohibition; stipulating equipment and methods of capture; establishing necessary actions for the conservation of species.
With regard to welfare, the Ministry establishes the minimum requirements ornamental fish export facilities, such as: system of treatment and distribution of the water; illumination and appropriate ventilation; deposits, aquariums or pools suitable in number and capacity to the volume of operation; implements for the manipulation of the species; material and equipment for the feeding, prophylaxis and boarding.
The Peruvian Ministry of production also requires that exporters obtain a Sanitary Certificate granted by CERPER before exportation; that fish remain in the commercial aquarium a minimum of 72 hours from their entrance for their adaptation and/or treatment, in case of the presence of diseases, before their packing for export; and a Certificate of Origin from the Ministry of Fisheries.
In Colombia, the In Venezuela, the capture of ornamental fish in the tributaries of Lakes Valencia and Maracaibo is prohibited. Between the period May 15 and July 15 ornamental fishing is prohibited in all the national territory. Venezuela has a short list of fish that may not be exported (Appendix 2; see Appendix 4 for species that are exported).
Current status and key trends Current status and key trends
The price of fuel has been increasing worldwide during the past several years. Exporters throughout Amazonia lament that a consequence of this fact is the rise in international freight costs. Rising freight costs lead to importers to demand decrease in prices to maintain stable consumer demand. Exporters appear to suffering from a lack of direct air routes to some key destinations within importing countries. In the case of Brazil and Peru the issue seems to be more severe where the exporters are established in more remote areas and thus enjoy the benefits of major international air hubs.
Peru and Colombia, however, seem to be benefiting from an increase of routes to Asia (Table  2 ; Figures 12 & 13) . A consequence of this development is the increasing importance of the Asian market for both countries. These routes are important for the Peruvian exporters who can more easily supply the large, charismatic fishes such as stingrays (Potamotrygonidae), aruanã and catfishes (Pimeloididae) that are of increasing demand in that pat of the world. Although Colombia has a more conservative legal environment with regard to ornamental fish exportation, not permitting the exportation of the large catfishes for example, it has benefited from the ability to sell rays and aruanã.
Most exporters agree that there is continuing demand for rare and novel species. Further, some importers believe that it is the new species introductions to the market that maintain consumer interest in the hobby. Demand for species of Corydoras, Apistogrammas, Loricariidae main popular according to exporters. One key global trend in market preferences seems to the increasing demand for stingrays. Demand for these fishes is high in Europe, Asia and North America. 
End Markets
In terms of exports of ornamental fish from Amazonas to global regions, Europe is the largest importer (40%), followed by North America (28%) and Asia (18%) (Figure 18 ). Europe is the principal importer of ornamental fish from Brazil, while North America is the largest importer from Colombia and Asia the largest importer from Peru ( Figure 19 ). The principal European importing countries of ornamental fish from Amazonas are Germany (56%), the Netherlands (17%), France (6%), Belgium (6%) and the UK (4%) (Figure 20 ). The value of UK ornamental fish imports from Amazonas until 2000 were about $200,000/year ( Figure 21 ).
Principal Product Offerings
The export potential of ornamental fish is probably much higher than is currently realized in Brazilian Amazonia, principally due to the restrictive measures (limit on the number of species) imposed by the Brazilian environmental authorities, specifically 'Normative instruction number 3, 9 of 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Number o f individuals total cardinal As is the case in other Amazonian countries ornamental fish pass through at least one level of intermediaries ( Figure 23 ). The socioeconomic organization of the ornamental fish trade, from the collectors to the exporters, has strong undertones of family and kinship. In the state of Amazonas, collectors are concentrated in various municipalities (see Table  7 ). The highst concentration of fish collectors is in 23
Vol. 3 (1): 7-51. the Rio Negro basin, in the municipalities of Barcelos and Santa Isabel, where as many as 1,000 families might be involved. Other than in these two municipalities, most collection areas are quite limited in the varieties of species sought: discus, corydoras, apistogrammma, loricaridae and otocinclus.
Methods and equipment
The methods and equipment utilized in the capture of ornamental fish are rudimentary and artisanal. The technology, and the collecting method employed, depends on environmental features and the species targeted.
1. Species of Geophagus and Apistogramma -Seine nets are used for in the leaf litter on stream margins and on sandy beaches. Fishing with a seine net requires at least two people (Figure 24 ). Table 7 . Principal entreposts of ornamental fish in the State of Amazonas Figure 24 . Seine net used on sandy beaches.
locations. Pieces of wood are stripped by hand or machete in order to locate the species. In areas of rocky outcrops (i.e., Xingu), downstream from rapids, divers use masks and place fish in bags to bring them to the surface.
4. Stingrays used to be collected by stabbing a trident in the back of females, which then abort their fetus. The collector would then scoop the 1-2 young with a dipnet. Today, they use rapichês and toll (long) lines, and do not kill the female. Most are sought on beaches and stream margins during the low water season.
5. Corydoras -Are sought when water levels are at their lowest, varying according to geographical location, between November and February along the Rio Negro. They are collected with seine nets or large dip nets (Figure 26 ). The dip nets are employed, the Corydoras as they come to the surface for air. The pots in the photo are used to carry fish back to camp.
6. Tetras and most varieties -Most Characoides can be located most easily when water level drops most precipitously. Again, this varies with geographical location. There are two basic methods of collection of piabas (small characins): cacurís or traps, and rapichês or dip nets ( Figure  27 ). Each collector fabricates his own fishing equipment using polyester mosquito netting. Both fishing methods require that the presence of fish be ascertained visually since the species targeted are determined a priori (Figure 28 ). In addition, the amount of time spent paddling to and from the fishing areas may account for half of the time spent in the collection process.
Whether collecting with cacurí or rapichê, most collectors share the same preferences for the fishing gear that they carry to fishing areas: shotgun and ammunition for killing game and fowl; a plastic bowl (cubico or cuia) for scooping 25
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Figur 25. Dip nets for fishing against the current. fishes and changing water; a terçado or machete for clearing trails, etc.; a zagaia or trident for killing large fish; fishing line and hooks; a knife; an arpoeira or harpoon designed to penetrate the shell of turtles on the stream bottom; and esticadeiras or espinheis, or long lines for the capture of food and bait fish, particularly in the igapó. Each fish collector also carries one or two paneiros (hand woven baskets) lined with plastic bags, or rodas (a twig formed into a ring) supporting a plastic bag, placed between two canoe benches. The paneiro and roda are the principle means of transporting the fish from the fishing areas.
Dip nets (rapichê) are the fishing method of choice in the open flooded forest streams, and stream banks, particularly in tributaries of the left margin. In the left margin tributaries fishing is generally done from dugout canoes in which the collector is seated in the bow, with the stern being weighted down with sand, rocks, or old car batteries. Canoes are generally larger than those used in the rivers of the right margin of the Rio Negro, measuring as little as three meters, but most commonly about 4 -4.5 meters long, by 80 cm to a meter wide.
The method of capture using the rapichê involves the location of a school of the desired species, which often requires more time than the actual netting of the fish. After the fish have been located, the collector gently extends the net horizontally into the stream, cutting off the downstream path of the cardinal tetras. He then carefully coaxes the fish down stream into the net with a canoe paddle. Although the collector generally fishes from the canoe, if necessary he will walk along the shore in order to capture the fish. It is also not uncommon for fishing partners to collaborate in the capture of fish by means of corralling fish into one or the other's rapichê. Some species which are not rapid swimmers are relatively easy to capture.
Once the fish have been captured in the rapichê, the collector uses the plastic bowl to scoop out the fish. In this process the fish desired (or not desired, depending on the number of each) is isolated in the net, then the net surface is dipped into the water, and the bowl is then quickly slipped between the fish and the net. Piabeiros (ornamental fish collectors) go to great lengths to ensure that the volume of fish they transport back to the temporary storage facilities is as homogeneous as possible. The two basic reasons for this are that oxygenation of water is simplified, and more aggressive species must be separated from the selected species. The fish are then placed in the paneiro, where fresh water has been placed. Depending on the amount of detritus and the temperature of the water, the collector will use the bowl to throw out the old water and replace it with fresh water. This process is repeated at regular intervals, as the collector finds necessary, until they arrive at their place of residence, temporary or permanent. The fresh water is usually thrown in from about 20 -50 cm above the paneiro in order to oxygenate the water. The water change process in the canoe, however, is the same whether fishing with a cacurí or rapichê.
The typical day of fishing by rapichê can vary from 6 -10 hours, depending on the availability of fish, pressing domestic obligations, and personal motivation. Generally, the collector must paddle his canoe for 1 -2 hours to the fishing area. He will then collect fish 2 -3 hours, stopping to lunch for about an hour. After lunch, he may fish for another 1 -3 hours, or return to his camp or home. The day of fishing is generally mixed with efforts to obtain protein in the form of game or fish, but this really depends upon whether there is a large enough assemblage of collectors in one place, either a permanent community, or temporary fishing camps. In these locations, fish collectors may assign certain individuals to concentrate more on obtaining food, than fish. Food getting may be a specialization for some, while for others it is part of a rotation; for others still, it is a daily task that is performed alongside fish collection activities.
The cacurí, a trap is a more passive means of capture. It is the preferred fishing method for cardinal tetras in the floodplain of the larger tributaries where the fishery is located in dense vegetation and shallow water (Figure 29 ). The cacurí is also commonly employed in left margin igarapés of the Rio Negro at the beginning of the fishing season (safra or harvest) when the fish have not yet begun to appear in the igarapés, and is the preferred method for collecting rapid swimming fish such as the Hyphessobrycon spp., Hemigrammus bleheri wherever they may be collected.
The dugout canoes used by collectors on the rivers of the right margin of the Rio Negro differ from those used by collectors along the left margin streams. They are generally about three meters in length, by 80cm in width, with three benches. Unlike the canoes used on the left margin igarapés of the Rio Negro where the paddler sits in the front, the middle bench is used. The reason for this is that the igapó vegetation is very dense, or 'fechado.' Sitting in this position allows the piabeiro to have more balance to pull himself between small trees that are ubiquitous in the igapó (flooded forest) of the rivers.
Each collector utilizes about 20 -25 cacurís on a normal day of fishing. The collector employing cacurís to capture fish differ from those who use a rapichê in the preferred fishing equipment in that they also carry an aluminum pan or plastic bucket of bait. They look for cardinals in areas close to the margin, in about 30cm -60 cm in depth. Where the cacurí is used, the piabeiro 'chama os peixes' (calls the fish) by flicking his finger onto the surface of the water (as if shooting a marble), to replicate the sound of palm fruit hitting the water. If 5 -10 fish appear, they clear an area (limpar, roçar) with a machete. The collector pulls out the cacurí; measures it up with a stick cut from branches, bush or young trees (arumã is the preferred stick); places the stick vertically in the cacurí to give it support; cuts 1 -2 more sticks (escora) which are sliced at an angle at one end to secure the cacurí into the ground. The thickness of the escora determines the size of the fish that enters the trap. The cacurís are generally set in about 20 -50 cm of water.
Bait (pitiú), salted fish that is bathed (escaldado) in hot cooking oil, is then placed in the bottom of the cacurí. Baitfish is salted again when it is brought 27 Vol. 3 (1): 7-51. back to camp/boat to use again the next day. Consequently, salt comprises a large portion of collector expenses. It appears that not just any fish can serve as bait. According to fish collectors, the bait is the flesh of the reco-reco fish (Amblydoras spp.). The oil rises immediately to the surface and flows with the current. Generally, the collector assists in dispersion of the oil by splashing the surface of the water around the cacurí. He then moves on to find another favorable area until all his cacurís are set, forming a varadouro (path). The cacurís are left for 1 -3 hours, and may be left for additional 1 -3 hours, depending on the productivity. The collection phase is rapid. The piabeiro simply retraces his route, dumps the fish into a paneiro, throws the bait back into the bucket, and paddles back to camp, changing water regularly.
Fishers of the major tributaries make intensive use of the rabeta motor. The rabeta allows the fishers to move easily from paragem to paragem along sections of the river courses in order to locate more productive areas, and to deliver their production at a central location identified by the patron. This is not true of the left margin streams where the fishers can easily paddle to fishing areas, as high concentrations of fish are readily located as the igapó drains. Consequently, the gasoline expense is an important issue for many fishers along the major tributaries.
The basic handling process is the same for collectors who use either the rapichê or the cacurí. When they get back to their camp or residence, fishes are immediately placed into stackable bacias (caixas or boxes, plastic tubs which measure 58 x 38 x 18 cm), ranging from 300 -600 fish. Water is then added, and the collector, or family members, removes (catar) the piabas doidas (unwanted fish) and piabas brabas (aggressive fish) that remain. If the fish are thought to be batido (beaten, stressed, or in poor condition), a tablespoon or two of table salt is added to the water. The following day, any dead fish are removed and remaining fish are placed in viveiros or gaiolas, reservoirs made of mosquito netting (Figure 30 ).
The viveiro can be set into a floating frame, or grade, which vary in size, but the average size is 1.5 m x 2.5 m x 80 cm. Reservoirs may hold more than 5,000 fish, and are placed along the river bank by the encampment where a gentle current renews the water passively. If the fish are kept more than a couple of days, they are fed with foods including manioc flour, eggs, and cooked fish, but are not fed on the days preceding transport. Each day the dead fish are removed. Viveiros are cleaned once a week, generally Sunday, or when dirty. Fishes may remain in the viveiros for periods ranging from three days to three weeks, depending on when they are to be shipped to Barcelos or Santa Isabel, before making the journey to Manaus.
Intermediaries
There are over 100 intermediaries in the state of Amazonas, and I would estmate another 50 or so in Prang, Industry analysis of freshwater ornamental fishery Figure 30 . Viveiros or gaiolas, reservoirs made of mosquito netting.
the state of Pará. At a predetermined date, the intermediary will visit the riverine communities/fishing camps to pick up the fish and transport them to Santa Isabel or Barcelos. The patron may also be present during the entire collecting period as well. Transactions may be realized with the exhange in currency and/or debt/merchandise (aviamento).
How often fish are taken to the cities for transshipment to Manaus depends on the quantity of fish available for shipping, and/or economic necessity. The process of embarking the fish (embarque) involves the following activities: one end of the viveiro is lifted from the water; fishes are put into a paneiro; 400-1,000 fish are placed in the bacias, depending on their size; about 5 cm of water is poured into the bacias. The bacias are then loaded onto the boat; tetracycline and/or table salt may added; and the total for each collector is noted in the patron's caderno, or notebook; the fish are transported to Barcelos or Santa Isabel. Once the fish are placed in bacias, water changes (about 50%) are made every 24 hours or so, until they shipment reaches Manaus. Shipment from entreposts varies with distance. Fish are shipped via regional vessels called recreios. The cost of transportation varies with the distance traveled. Transportation varies between R$1.50-2.50/bacia. The trip from São Gabriel, Lábrea or Tefé to Manaus takes two days, while the trip from Barcelos or Tapuá requires only a one-day voyage. Water used for the change is obtained directly from the river. Depending on the water parameters in the location where water is obtained, intermediaries or transport personnel may opt not to make water changes at all. Along the Rio Negro, once water storage tanks on regional boats are replenished after passing the white, less acidic, waters of the the Rio Branco, many intermediaries will not change water for the rest of the voyage.
Exporters
There are five principal exporters, and three smaller ones, currently active in Manaus:
The largest four exporters control a slightly more than 90 percent of the value of ornamental fish exports from Manaus, Amazonas. Turkys Aquário has over 48% of the Amazonas market, followed by Tabatinga Aquário 20%, Aquário Corydoras Tetra 16.5%, and Prestige Aquário has about 7.5% (PRANG, 2001 ). K-2 Aquário is owned by a man of Japanese descent. He differs from most other exporters in Amazonas in that he is mostly interested in the export of Symphysodon spp. and varieties of apistogramma. Often he is accused of approaching the intermediaries of other exporters and offering a higher price for select specimens.
As Table 7 demonstrates, exporters obtain their supplies from various intermediaries in a number of locations throughout the state of Amazonas; most have buyers in the state of Pará as well. Although three exporters pay their buyers upon delivery, the rest do not pay transportation costs, paying only for those fishes that arrive alive in Manaus the next week or later. Exporters pay their intermediaries in cash for the fishes requested, albeit not always on time. Exporters claim that what happens to the money once it gets to their commercial agents is not their responsibility.
29
UAKARI
The international demand for fish determines exporter supply requirements. Exporters then discipline production by controlling the distribution of bacias to their intermediaries. When exporters' supplies are greater than demand, they withhold the distribution of bacias to avoid stocking unnecessary quantities of fish. On the other hand, for certain species, exporters frequently procure sufficient stocks to account for fluctuations in the supply due to the annual flood cycles.
Although there is a lot of variation in the handling practices of each exporter, generally conditions and treats fish before exportation. The bureaucratic process of ornamental fish exportation is as follows (see also 6. Exporter must obtain a Sanitary Certificate (Certificado sanitário) by filing an agricultural inspection petition (requerimento para fiscalização agropecuarial) with the Ministry of Agriculture. This certificate is emitted upon inspection at the airport.
7. Copies of all of the above documents must accompany shipments of ornamental fish in order to be loaded by air carrier. The shipping agent/customs broker oversees this process. At the airport, inspections of shipments are performed by the following federal organs: IBAMA; Ministry of Agriculture; Receita Federal -customs
Key stakeholders Key competitors
Over the last 30 years, Brazil has lost a substantial portion of the international ornamental fish market to Asian countries like Singapore, Thailand and Malaysia, as well as breeder in the U.S. and Europe. These countries that possess breeding technology are able to supply the global market with some Brazilian species that are of higher quality and lower prices. Such a threat is exemplified in the cases of Symphysodon aequifasciatus and Pterophyllum scalare that are already produced in great numbers, and hybrid varieties not found in nature (CHAO, 2001) (Table  8 ). These varieties are basically substituting wild-caught fish from Amazonia. Although these cultivated varieties dominate the marketplace, there remains a dependence on the varieties captured in the nature to prevent in-breeding, or to introduce new genetic characteristics into old ancestries in captivity. As such, there will always be a space for some number of wild-caught species (as is the case for the Tefé discus). However, the problems generated by the cultivated species outside of Brazil in industrial scale cannot be understated. While wild-caught discus fish represent less than 10% of the volume of the category commercialised worldwide, the aggregate value of these specimens is very low when is compared with the same product reproduced and exported from Asian countries.
The cardinal tetra is now being reproduced in captivity in the Czech Republic, Southeast Asia and the U.S as well. As indicated above, the cardinal tetra is principal export for Brazil, Colombia and Venezuela. The only direct international air route from Manaus is to Miami. Until recently this route was served by Lloyd's Aero Boliviano (LAB). Beginning in June of this year, TAM Airlines (Brazilian) will have a daily flight to Miami, originating in São Paulo. To destinations in Asia and Europe, connections must be made in Recife, Brsaília, São Paulo or Rio de Janeiro. These routes prolong the time that fish must remain in packaging, increasing health risks. As Table 9 indicates exporters in Manaus experience a disadvantage compared to Colombian exporters who enjoy lower international freight rates. Exporters in Manaus explain that these lower freight costs from Colombia are linked to the limited number of species that can be exported legally from Brazil.
Brazil has more than 2,000 potential species (CHAO, 2001 ), but only six genera and 174 species, and a few entire families of species, can be exported legally. The biggest point of contention is that Colombia, with its low freight charges and its ability to export high value fishes, principally rays and aruanã, has led to a loss of their customer base. As many of the same, or similar, species permissible in Brazil are also found in Colombia and Peru (Appendix 5), importers who wish species of rays and aruanã can fill their orders completely in Colombia for example, without requiring the placement of orders from exporters in Manaus.
Legislative environment: welfare and conservation Table 6 provides the actors, and their roles and function, of the commercialisation of ornamental fish is Brazil and the State of Amazonas, and in section 2.2.1-Exporters, the legal export process is defined. In terms of conservation, IBAMA/MMA is the key regulator of the activity through the emission of licenses, transport bills, collection of environment taxes, establishment of installations, and fishery practices. The regulation of fishery practices is limited to three laws. The first is the 'positive' ('clean') list of species that can be exported: 'Normative Instruction MMA nº 13 of 9 of June of 2005 -IN013/2005' (Appendix 1). The list inludes six genera and 174 specific species. Legally, the extraction and commercialisation of edible species is forbidden as ornamentals, based on the argument that fish is a major source protein for Amazonians. It also prohibits the capture of cardinal tetras during the period of May to July (reproductive period) along the Rio Negro (IBAMA Decree N o . 28, March 10, 1992). Finally, 'Normative Instruction MMA IN027/2005' allows for the export of a quota of fresh water rays (ARAÚJO, et al., 2005) . This quota expired in January of this year, and a new Normative Instruction is presently being negotiated.
The Ministry of Agriculture certifies the health of the ornamental fish through the inspection of ornamental fish shipments in airports and export installations. The Ministry of Agriculture requires that a certified veterinarian verify the welfare of fish before shipment. This certificate is then passed to the Ministry of Agriculture in order to must obtain a Sanitary Certificate (Certificado sanitário). This certificate is emitted upon inspection at the airport.
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Current status and key trends
According to exporters the key market trends are related to the following fishes: stingrays, aruanãs, cichlids, apistogrammas, loricariidae and corydoras. Generally, serious hobbyists specialize in the keeping and and breeding of one variety or another. A small portion like 'tank busters', or large fish that require more space than the aquarium supplies, stingrays and aruanãs, fit this profile. These groups of fish are currently in high demand everywhere, particularly in Asia. The fresh water stingrays correspond to a group of species of special interest, and represent less than 1% of the total of fish exported. Exporters are currently particularly keen in securing a quota for the exportation of aruanã as the contribution to profits is near immediate and they are loosing sales to other Amazonian countries that can provide the same species as Brazil.
Apistogrammas, which reach a maximum size of 5 cm, present another trend. The density of these species is low, except during the breeding season, and its distribution more limited than its larger relatives and is thus rare, and therefore more valued. In addition, given its length, they need smaller aquariums (10-20 litres). Hobbyists choose cichlids, as they are very easy to reproduce. According to information collected from the collectors, the cost (effort to capture)/benefit (value of the species) of collecting apistogrammas is not financially compensatory. However, there are a great many varieties which might provide significant opportunities.
Two other families of fish that represent market niches are the bodós/acaris (Loricariidae) and corydoras. Many specimens of the Loricariidae family have relatively high values when compared with most species exported, ranging from $1-100.00/fish, depending on the rarity. The most sought after varies originate in the Rios Xingu and Tapajós. The value of this niche can be appreciated by the great number of species which have been given sequential numerations, 'L' (Loricariidae family) and 'C' (Corydoradinae sub-family: species Corydoras and Aspidoras). This cataloguing system was created at the end of the decade of 1980 (system 'L') by the specialized German publication Die Aquarien und Terrarien Zeitschrift (DATZ) and later accepted and adopted by aquarists and publications throughout the whole world. Aqualog (Aqualog Verlag: A.C.S. GmbH, Germany) distributes popular catalogues on these fish. These numbers represent species still unknown to science, and that is important in the breeding competitions within aquarium clubs. One of the criteria of for gaining points in this competition is the domesticity level, F0, F1, F2, F3, F4, where F0 represents wild fish. Thus, F0 fish gain more points because they are less domesticated, and this fact, in part, explains the great demand for these species by the most experienced aficionados.
Many of the niches of market above cited could be taken care of through additions to the list of the ornamental fish species that can be commercialised (Appendix 1). Despite the export sector having proposed an increase in the list of species to IBAMA, no concrete measure was ever taken by the agency. The potential of ornamental fish could be improved with the diversification of the species exported (maximum use of biodiversity). Although the list is sufficiently conservative, assuring the protection of national biodiversity, it also restricts the economic and social development of the Amazon region. For example, the majority of cichlids are forbidden for exportation due to their value as edible fish. However, the value of some species of cichlids as an alimentary source is negligible when compared to its ornamental potential.
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Alternative markets of Mamirauá product
Ornamental fish imports to the United Kingdom from the Brazilian Amazon represent less than 2% of total exports, totalling about $200,000/year (Figures 18-21) . If the price paid to collectors averages about 19% of export value, then the UK only contributes about $38,000 (R$85,500) directly to the productive sector in the state of Amazonas. If there are at least 1,000 fish collectors in the state 35 Vol. 3 (1): 7-51. (PRANG, 2001) , then each collector averages about R$85.5 ($38)/year from the UK market for ornamental fish. If collection activities are to be established in the Mamirauá and Amanã reserves, it must be assumed that if they are unable to increase the size of the UK market through the introduction of new species, they must share the benefits of this relatively small market with collectors from other regions, particularly the Rio Negro. As such, it may be necessary to consider additional markets for products from Mamirauá and Amanã. By servicing additional markets, such as the US, Japan, and Germany, the possibility of providing additional income to the residents in Mamirauá and Amanã Reserves may be greatly enhanced (Appendix 6). 
